Interactions of diol dehydrase and 3',4'-anhydroadenosylcobalamin: suicide inactivation by electron transfer.
3',4'-Anhydroadenosylcobalamin (anAdoCbl) is an analogue of the adenosylcobalamin (AdoCbl) coenzyme (Magnusson, O.Th., and Frey, P. A. (2000) J. Am. Chem. Soc. 122, 8807-8813). This compound supports activity for diol dehydrase at 0.02% of that observed with AdoCbl. In a side reaction, however, anAdoCbl induces suicide inactivation by an electron-transfer mechanism. Homolytic cleavage of the Co-C bond of anAdoCbl at the active site of diol dehydrase was observed by spectrophotometric detection of cob(II)alamin. Anaerobic conversion of enzyme bound cob(II)alamin to cob(III)alamin, both in the absence and presence of substrate, indicates that the coenzyme derived 5'-deoxy-3',4'-anhydroadenosine-5'-yl serves as the oxidizing agent. This hypothesis is supported by the stoichiometric formation of 3',5'-dideoxyadenosine-4',5'-ene as the nucleoside cleavage product, as determined by high-performance liquid chromatography, mass spectrometry, and nuclear magnetic resonance spectroscopy. Experiments performed in deuterium oxide show that a single solvent exchangeable proton is incorporated into the product. These data are consistent with the intermediate formation of a transient allylic anion formed after one electron transfer from cob(II)alamin to the allylic 5'-deoxy-3',4'-anhydroadenosyl radical. Selective protonation at C3' was demonstrated by spectroscopic characterization of the purified product. This study provides an example of suicide inactivation of a radical enzyme brought about by a side reaction of an analogue of the radical intermediate.